We present findings from a choice experiment investigating improvements in the aquatic environment from mitigation of barriers to fish passage. Implemented at a local and national level, results reveal positive preferences for increased numbers of fish species as well as fish abundance. In addition, we examine if in this case the willingness to pay estimates are suitable for direct transfer between national and local settings. For both samples, we consider the extent to which stated attribute nonattendance impacts estimates of willingness to pay and the potential ability of researchers to transfer values between contexts. Implications of the use of benefit transfer within this policy context are discussed in light of our findings.
Introduction
River systems comprise some of the most complex, dynamic and bio-diverse ecosystems on earth (Dynesius and Nilsson, 1994) . However, as a society, we have extensively modified these ecosystems in order to provide socioeconomic benefits such as water supply, flood suppression, power, and transportation. Obtaining these benefits typically involves the construction of river infrastructure (e.g. dams and road crossings), which fragments the continuity of rivers (Bednarek, 2001 , Branco et al., 2014 . Numerous studies have demonstrated the negative effects of these artificial in-stream structures on fish populations (e.g., Fullerton et al., 2010; Nislow et al., 2011) . Removing physical barriers that inhibit fish passage has been demonstrated to deliver increased spawning (Burdick and Hightower, 2006) , fish density (Gardner et al., 2013) , diversity (Catalano et al., 2007) , and rapid colonization of formerly impounded reaches (Roni et al., 2008) . As such, there is now considerable interest in river barrier removal and mitigation as a cost effective means of improving fish populations at the catchment scale (Roni et al., 2008; Kemp and O'Hanley, 2010; O'Hanley, 2011; O'Hanley et al., 2013; King and O'Hanley, 2016) .
River ecosystem improvements are typically driven by legislation. For example, across
England and Wales, the Environment Agency (EA) has prioritised 2,500 river barriers for mitigation action in order to meet requirements of the EU Water Framework Directive (WFD) and eel regulations at an estimated cost of £540 million (Moghraby, 2008) . However, such investment may not be justified on economic efficiency grounds, implying it could be put to better environmental protection use elsewhere. Indeed, where costs are disproportionate to benefits, derogations from the requirements of the WFD may be sought (Hanley et al, 2006b) . As the benefits of river ecology improvements will frequently be positive externalities, non-market valuation techniques are required to inform cost benefit analysis (CBA) of river barrier mitigation action. Unfortunately, undertaking repeated valuation studies across catchments is both expensive and time consuming and, therefore, likely to be limited to large, controversial cases (Hanley et al., 2006b) . Although benefit transfer (BT) can, in principle, provide an inexpensive solution to this problem (Morrison and Bennett, 2004) , there remains considerable debate regarding its validity and which are the most appropriate methodologies of employing it (Hanley et al., 2006a) .
In this paper, we estimate the willingness-to-pay (WTP) for local river ecosystem improvements delivered from river barrier mitigation actions using a choice experiment (CE).
We administer the CE to local and national samples so that we can assess any differences that emerge and, in turn, inform future BT applications in this context. In particular, we evaluate if the national estimates for river ecosystem improvements for a generic river are valid for application in a specific local context. Furthermore, we explicitly examine the impact of attribute non-attendance (ANA) on our model estimates and BT robustness. To assess ANA, we explicitly asked all survey respondents to state which attributes they used in making their choices. The existence of ANA is potentially problematic for CE data analysis. If not taken into account during model estimation, WTP estimates may be biased.
We make three main contributions to the literature. First, we add to the small number of valuation studies on environmental improvements that result from modifications of multiple river barriers. To date, there are many studies that examine the benefits of improvements to general river quality, including those realised through the WFD, such as Hanley et al. (2006a,b) , Bateman et al. (2011a) , Bliem et al. (2012) , and Glenk et al. (2015) . However, few CE studies have focussed specifically on the ecosystem service benefits resulting from changes to river barriers that impact fish passage. Johnston et al. (2011) administered a CE to assess migratory fish passage restoration in the Pawtuxet watershed, Rhode Island, USA following the provision of fish passage facilities at 22 dams. They identify benefits from increased biological integrity, habitat accessibility, fish dependent wildlife, and viability of migratory fish runs. However, they did not find significant benefits from enhanced recreational fishing opportunities, unlike Laitila and Paulrud (2008) , who considered river barrier removal in the Ljungan River in Sweden.
Our second contribution is to inform the debate surrounding the use of BT (Kaul et al., 2013) .
Specifically, we conduct a site specific CE and a generic national CE that were designed in such a way that we can compare attribute estimates of WTP between the samples. Within the literature, both significant differences (e.g., Morrison and Bennett, 2004) and no differences (e.g., Hanley et al., 2006b) in WTP estimates for CE attributes between samples have been observed. To assess differences in WTP, we employ the test introduced by Poe et al. (2005) that has been used extensively within the BT literature (e.g., Rolfe and Windle, 2012; Glenk et al., 2015) .
Third and finally, as part of our CEs, we collected ANA information. In analysing our CE data, we assess the extent to which stated ANA impacts our WTP results for each CE. As observed by Glenk et al. (2015) , much effort has gone into examining convergent validity (Kaul et al., 2013) , whereas the emergence of transfer errors between sites might well occur because of differences in the way in which CE respondents have engaged with survey instrument (i.e., due to ANA). We consider the need to examine ANA an important issue when undertaking CE research and the lack of attention within the BT literature regarding this is a conspicuous oversight given its relative importance within the wider CE literature (e.g., Balcombe et al., 2011 , Scarpa et al., 2013 , Kragt, 2013 and Kehlbacher et al., 2013 . Indeed, Scarpa et al. (2013) argue that ANA may be of greater importance than unobserved heterogeneity. To date, the only BT study that has considered ANA is Glenk et al. (2015) . In that study, the authors examined ANA using an inferred approach that requires the estimation of an equality constrained latent class model specification. We take a different approach: we explicitly asked CE respondents to state which attributes they ignored.
Although there is debate within the literature as to which approach is preferred, the use of stated ANA data is helpful within a BT context as it allows for straight forward comparisons of WTP without the need for being concerned about different model specifications. Thus, we consider the impact resulting from ANA on our BT results with the same model specification and so avoid the need to run different model specifications, which could yield differences in WTP over and beyond those that result from BT.
In the present study, we explore BT issues by administering an almost identical CE to a national sample and a local sample for a specific river (i.e., the River Wey in South East England). We investigate preference heterogeneity for river ecology improvements delivered from barrier mitigation actions. In addition, we evaluate, in this limited context and points of comparison, the impact of such heterogeneity in the context of population effects that could compromise the validity of transferring national generic benefit estimates for river ecology improvements to our specific case study river, thus evaluating a novel form of BT.
The remainder of the paper is structured as follows. In Section 2, we introduce our case study river and discuss the design of our CE. In Section 3, we detail our choice model specifications. Results of our CE and our BT analysis are presented in Section 4. Finally, we discuss our findings and provide some concluding remarks in Section 5.
The Choice Experiment
We designed two almost identical CE survey instruments to examine preferences for improving the aquatic environment that result from the removal of physical in-stream barriers (e.g., dams, weirs, culverts, and locks) within a river system. The construction of our CE began with the development of a survey instrument for the River Wey. By drawing on river specific information, we were able to develop meaningful policy options. We then took the River Wey survey instrument and made minor changes to yield our National CE survey instrument. Specifically, the main difference in the design of the two CEs is that the local CE explicitly names a river: the River Wey. For the National survey we use identical information to describe the CE context and issues, but without explicitly naming a river. Thus, apart from the inclusion/exclusion of the river name, the two survey instruments were identical.
While it is acknowledged that the valuation context for the National survey will vary across respondents due to the proximity of a local river and any substitute rivers, the majority of households in the UK have a nearby watercourse that they can readily relate to as being their "local" river. Furthermore, river systems have been dramatically altered throughout the UK by the introduction of barriers, such that almost all rivers are subject to the environmental problem we consider in our CE. 1 1 A summary of the extent of river restoration activities in the UK demonstrates proximity of UK households to watercourses can be found at the River Restoration Centre web site: (http://www.therrc.co.uk/uk-projects-map.)
The River Wey
The River Wey, located in South East England, is a tributary to the Thames with a watercourse of approximately 190 miles. Over the centuries, construction of dams, weirs, locks, and other hydro-modifications has significantly compromised river connectivity in the Wey such that fish and other aquatic organisms are unable to move freely through the system.
The Environment Agency Fisheries Action Plan (EAFAP) for the catchment (EA, 2008) identifies the presence of physical obstructions as one of the key pressures on fish diversity and abundance. The EAFAP also notes that iconic species such as river otter and kingfisher are dependent on the existence of healthy fish populations.
Survey Design

Attribute Selection
Based on a literature review, extensive discussions with ecologists' familiar with the River Wey 2 and UK rivers in general, focus group work, and piloting 3 of the survey instrument, we arrived at four attributes:
(i) fish species diversity;
(ii) fish abundance;
(iii) provision of publically accessible river bank; and (iv) amount of council tax.
A review of the literature reveals that attributes (i) and (ii) are two of the most important ecological responses to barrier mitigation for any river. These attributes can be linked to a range of ecosystem services and goods on which our economic analysis focuses (Bateman et al., 2011b) . Importantly, our two ecological river quality attributes (i) and (ii) can also be linked to specific and quantifiable ecological outcomes. As such, they can be used to derive meaningful welfare estimates (Johnston et al., 2013 ) that can be used for BT. Figure 1 summarises the direct and indirect ecosystem services considered most relevant to increases in fish species richness and abundance and draws upon the UK National Ecosystem Assessment (UK NEA, 2011).
2 The River Wey has been the subject of extensive ecological and environmental research activity: http://www.icer.soton.ac.uk/case-study-the-river-wey/ 3 Our two focus groups consisted of 10 individuals each from the South East of England. Their interpretation of the survey instrument was analysed using a combination of cognitive testing and verbal protocol analysis. Focus was on the River Wey survey instrument and how the information provided was perceived and understood. Following this pre-testing, a pilot survey was given to 82 adults from South East England. Results indicated good engagement and understanding of the tasks required. removal, and associated ecological responses that produce changes in ecosystem goods and services. We informed respondents of the ecosystem services that would improve as a result of increasing the levels of these ecological attributes in the background information of the CE. 4 Specifically, fish species richness is explicitly linked to the diversity of wild species, iconic species viewing, and educational ecosystem goods, whereas the fish abundance attribute is explicitly linked to local community tourism and direct/community recreational ecosystem goods and associated health benefits.
Attribute (iii), public access to the river bank, was used to reduce informational or focusing biases on the ecological attributes, as suggested by Rolfe et al. (2002) and Hanley et al. (2010) . Finally, given the nature of the study, a locally administered payment vehicle was chosen, namely a council tax increase (iv) to be collected annually for a period of five years.
The duration of the payment vehicle follows MacDonald et al. (2011), who suggest that a one off-payment scenario is unrealistic and conservative when benefits may accrue over many years.
5
4 A full version of the survey instrument is available on request. 5 The set of attributes considered is far from exhaustive. To ensure that respondents only considered the attributes provided, we explicitly stated that "None of the options presented will increase flood risk, affect boating, or increase undesirable / non-native animals or plants in the river system."
Choice Card Design
Given the chosen set of attributes, we next designed the choice cards. It was decided after the focus and pilot group work that each respondent (on behalf of his/her household) be asked to choose between three options comprising two river improvement options (A and B) that would provide an increase in at least one of the attributes for a given cost and a status quo option (Option C) of no attribute improvement and zero cost.
To place the choice task in context, the choice confronting each respondent was framed as 
In the following sections, I will ask you to choose between two different improvement programmes (Options A or B) that can be provided at different costs to your household and a 'do nothing' approach (Option C) that will cost your household nothing by completing a series of choice cards. The levels and improvements offered in the choice card are based on a typical UK case study river that represents rivers across the UK generally."
The final set of attribute levels used in the CE, are presented in Table 1 . From Table 1 we see that fish species richness attribute (Variety) is presented as a range of observed fish species within a 120 meter stretch of river. The range for the total number of fish attribute (Fish) is presented for the same stretch of river. Environment Agency (2008) survey data provided the values used for the levels for both of the ecological attributes. The access attribute (Access) was derived with reference to the number of existing miles of 6 Only the last sentence in this framing text altered between the National and River Wey survey instruments.
waterway towpaths and the additional miles that could be provided instead of funding barrier mitigation. Finally, the local tax attribute (Cost) was capped at the per capita cost among local residents of mitigating all known barriers in the River Wey.
For each choice card we provided two new management options and a status quo. The status quo option employed attribute levels based on findings of fish surveys completed by the Environment Agency (pers. comm.) in the River Wey. An example of the choice card presented to respondents is provided in Figure 2 .
Figure 2: Example choice card
A main effects factorial design was generated for the CE. Priors recovered from the pilot survey were used to inform the final design, which was generated by minimising the associated D p -error assuming a multinomial logit utility specification. The final design comprised 24 different choice sets. We separated these into four blocks of six different choice sets meaning that each respondent answered six choices so as to reduce respondent fatigue during the choice task. Reminders to consider budget constraints and substitute goods and/or services and rivers when making choices were included. 
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CE Implementation and Descriptive Statistics
The surveys were administered to a panel of online respondents recruited by a market research company. Each respondent received a small financial payment for completing the entire CE. We rejected respondents who failed to meet screening criteria as well as responses that passed screening but failed to engage with the survey in a meaningful way (i.e., respondents that sped through the survey questions).
The National survey was administered so as to ensure a nationally representative sample based on region, gender, and age. The River Wey survey was administered to postcodes local to the River Wey catchment. With regard to the local sample we attempted as far as possible to recruit a sample reflecting local socioeconomic characteristics subject to the online panel coverage of the specific area.
In total we obtained 239 completed surveys for the nationally administered survey and 216
for the locally administered River Wey survey. From these we rejected respondents who A summary of these data as well as Student's t-test results to establish if the mean values for these variables were statistically different between samples are presented in Table 2 . The CE methodology is based upon Lancaster's characteristics theory of goods, with the associated choice models underpinned by random utility theory. The random utility model is specified in two parts: an observable deterministic component and an unobservable random component (Hensher et al., 2005) . We assume a respondent i makes one choice from a finite set. The utility function of respondent i based on selecting an alternative j from choice set t is:
where is the utility obtained by respondent i from choosing option j in choice set t, is a vector of parameters to be estimated, and is a vector of k attributes. In keeping with standard practice, is the unobservable random component from the researcher's perspective, which is assumed to be type-1 extreme value distributed (Train, 2003) . If we assume that all respondents maximise utility, then alternative j will be selected over all others if it has the largest utility.
To allow for preference heterogeneity, it is now common for researchers to employ a random parameters logit (RPL) specification that considers the panel structure of the data (Train, 2003) . The RPL allows for parameter estimates in the utility function to vary across individuals so that individual preference heterogeneity can be captured. The variation in is generated for a given respondent i by the addition of a vector of deviation parameters .
where ̅ is the vector of sample means and is a vector of error terms randomly drawn from distributions specified by the analyst with an associated covariance matrix . As the mixed logit model specification has no closed form, it is approximated through simulation by repeatedly drawing values of from pre-specified distributions. Parameter estimates are then obtained by maximising the simulated likelihood function across the entire sample of respondents (Train, 2003) .
Model Specifications
Our preferred model specification begins with the observed component of utility ( = ′ ):
where ASC is the alternative specific constant that takes the value 1 if the status quo (Option C) is selected, Variety is the number of fish species in a 120m stretch of river, Access is the miles of publically accessible river bank, Fish is the total number of fish in a 120m stretch of river, and Cost is the amount spent on river barrier mitigation action. In terms of random parameters, we specify a normal distribution for Variety, Access, and Fish. In keeping with many other papers in the literature (e.g., Rolfe and Windle, 2012) we assume that Cost is a fixed parameter.
It is also common within the BT literature to employ various methods to control for differences in sample composition and other issues that can bias results (Johnston and Duke, 2010; Johnston and Rosenberger, 2010; Östberg et al., 2013) . We control for differences in our sample populations by including socioeconomic and river use data in our model specifications. In this study, we include the socio-economic and attitudinal variables described in Table 2 in the status quo utility function: Age, Gender, Income, Education, Visit, and NEP.
In addition, given the design and purpose of our CE it is potentially important that we consider possible heterogeneity of interpretation of the status quo situation by our National sample respondents. Specifically, we need to understand if the status quo option in our CE has been perceived in the same way across different regions that we have drawn from in generating our national sample. This issue has previously been considered within CEs by several researchers (e.g., Rolfe and Windle, 2012; Mariel et al., 2013; Ahtiainen et al., 2015) using various methodological approaches. In this study, we have constructed dummy variables to examine if there are any systematic differences by region in relation to how the status quo option is perceived. Specifically, our National survey is drawn from 10 regions. In order to yield an econometrically reasonable number of regional dummies we aggregated the 10 regions into three groups based on annual average rainfall levels capturing differences in regional location and typography which in turn captures potential differences in local rivers. Finally, we have also generated a dummy variable to indicate the River Wey CE data when estimating a pooled model specification.
ANA Data
To generate our ANA model results, we used the ANA data collected from both CEs. The data were collected by asking the question shown in Figure 3 .
Figure 3: ANA question
The format of the question is standard within the literature and follows the most common approach to ANA by presenting the question to respondents after all CE cards have been completed. A summary of ANA results by attribute and CE context is provided in Table 3 . The main thing to note about Table 2 is that the extent of stated ANA is lower than reported in many other studies (e.g., Balcombe et al., 2011 Balcombe et al., , 2015 Kehlbacher et al., 2013; Kragt, the two survey contexts, suggesting that ANA will not be a serious issue in our current study.
In terms of model estimation, we followed the approach proposed by Hensher et al. (2005b) and used by various researchers, including Kehlbacher et al. (2013) and Kragt (2013) .
Specifically, we assumed that the marginal utility for a specific attribute is zero for a respondent who has indicated that a specific attribute has not been attended. Although, not the only way in which to employ stated ANA data within a model specification, it does allow us to examine the extent to which ANA might introduce yet another issue when it comes to BT implementation. 
Poe et al. (2005) Test
Based on the model results generated for the CEs for both full and ANA data, we estimated WTP for each attribute. To assess the similarity and potential of BT between local (River Wey) and national (nameless local river) settings combined with ANA information or not, we implemented the combinatorial test introduced by Poe et al. (2005) . This is a statistical test of the difference between the mean for all WTP estimates for both CEs and data contexts. This is a non-parametric one tail test that is implemented by first generating a distribution of 1,000
WTP estimates using the method introduced by Krinsky and Robb (1986) . 
Model Results
In this section, we present results for both CEs as well as a Pooled data model. Results were generated by making 500 simulated draws for each model specification using the NLOGIT version 5 software package (Greene, 2012) . We first report model results, then WTP estimates. Finally, we examine differences between WTP estimates for the River Wey and National CEs using the test proposed by Poe et al. (2005) . Table 4 presents model results for the River Wey, National, and Pooled model specifications.
Standard Data Context
8 Within the stated ANA literature an alternative approach to using data is the shrinkage approach (e.g., Scarpa et al., 2013, and Kehlbacher et al., 2013) . When comparing the various approaches that use stated ANA data, the significant gain from model fit comes from the use of the ANA data, whereas the benefits obtained from employing the shrinkage approach (as opposed to setting the marginal to zero) are far less significant. 9 Morrison et al. (2002) present a number of alternative benefit transfer tests including one based on the estimation of compensating surplus that is also used by Glenk et al. (2015) . Note: Statistically significant at ***1%, **5%, and *10% levels.
As can be seen in Table 4 , the coefficients for all CE attributes across the different model specifications have their expected signs and are statistically significant. For example, the negative sign for Cost conforms to economic theory that rational respondents are less likely, ceteris paribus, to choose options with a higher cost. Furthermore, all the standard deviations for the random parameters are statistically significant. We can also see from Table 4 that the ASC is significant and negative for all model specifications, indicating a general preference to choose river improvement options.
Turning to the socio-economic and river use parameters, we observe several interesting results. First, our dummy variables for region are not statistically significant which indicates that there would appear to be no difference in how the National sample respondents perceived the status quo option. Second, for the Pooled model, the dummy variable identifying River
Wey survey respondents (Wey) is also statistically insignificant indicating that River Wey and National respondents are prepared to pay equal amounts for improvement options. Third, the remaining variables provide slightly more explanatory power for the National sample compared to the Wey River sample. Interestingly, income is significant and negative in the River Wey sample whereas NEP is significant and negative for the National sample. Note: Statistically significant at ***1%, **5%, and *10% levels.
ANA Data Context
The first thing to note about Table 5 is that the results are not qualitatively different to those reported in Table 4 . Once again all of the CE attributes are statistically significant. In addition, the standard deviations for the random parameters are also all significant. We also see a very similar pattern of results for the socio-economic data, the river use measure and the various regional dummies. Thus, an initial consideration of the model results suggests that differences appear to be modest when taking account of ANA data at least in this context. 
WTP Estimates and Poe Test
In Table 6 we report WTP estimates for the full data and ANA data model specifications. The Krinsky and Robb (1986) method with 5,000 draws was used to establish statistical significance and 95% confidence intervals for the WTP estimates for each attribute. The first thing to note about Table 7 is that we do not reject the null hypothesis when we compare full data against ANA data for both samples. Thus, in this specific study it would appear that the impact of ANA on model results is minimal. This result is maybe not that surprising given the relatively low level of ANA identified in the data.
Turning to the tests that compare the National and River Wey results for all data specifications, we find statistically significant differences for WTP for Access and Fish and these results remain when we take the ANA data into account. However, we do not find a statistical difference for Variety. Thus, we would be able to transfer values for Variety from the National to the local level but not for the other attributes.
Discussion and Conclusions
In this paper, we present the findings of CEs to estimate the benefits of ecological improvements delivered through river barrier mitigation. We administered the CEs to a national sample and a local sample involving a specific river (the River Wey in South East England). Analysis of the CE results shows respondents in both sample groups have preferences for increasing fish species richness, abundance and access to rivers. In addition,
we find the ASC in the model specifications to be consistently statistically significant and negative across both sample groups, indicating respondents have a general preference for river improvement. Also, we have found that the use of stated ANA data did not change fundamentally affect our model results and differences in WTP between samples.
Specifically, because the degree of ANA is not large compared to what is commonly reported in the literature, the changes that occur to our model results and the subsequent estimates of WTP are statistically insignificant.
In the context of river barrier mitigation, our results indicate that differences in WTP for total number of fish and miles of foot path are significantly different between respondents attending to these attributes in the River Wey and national sample groups. Accordingly, under the assumption that all beneficiaries are interested in improving these attributes at a proposed local river, the WTP estimated from the national sample with or without ANA data included would not suitable for transfer at least as far as this study is concerned. However, we do find the differences for WTP for increases in fish species richness is insignificant between the National and River Wey samples. This indicates that WTP estimates for fish species richness are robust to transfer from the National to local river context. This result is likely to be of interest to policy makers and river managers involved in cost benefit analysis of river restoration options.
Finally, how ANA is assessed remains an open research question. In this study, we have employed stated ANA data, since we explicitly asked respondents about attribute use. The alternative approach of inferred ANA also has merit, although it does require the use of a latent class model specification that means resulting estimates of WTP are derived from different model specifications. The obvious benefit of using stated ANA is that we can introduce the information in such a way that model performance under identical model specifications can be compared, be they mixed logit or latent class. However, we also acknowledge that the availability of stated ANA requires researchers to build this aspect of data collection into their survey instruments, which is rarely undertaken. Therefore, we advocate that researchers need to carefully consider the collection of this type of data, not only because of the potential implications for BT, but more generally for the points raised by Scarpa et al. (2013) 
